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© Maskless fonnation of selfaligned contacts. 



© A process for forming self-aligned metal-semi- 
conductor contacts in a device comprising MISFET 
type structures essentially comprises conformably 
depositing a matrix metallic layer on the front of the 
wafer and the subsequent deposition of a planariza- 
tion SOG layer. After having used a noncritica! mask 
for defining the "length" of the selfaligned contacts 
to be formed, the SOG layer is etched until leaving a 
residue layer on the bottom of the valleys of the 
conformably deposited matrix metallic layer in areas 
between two adjacent gate iTnes of polysilicon. A 
selective etching of the matrix layer using said SOG 
residues as a mask, defines the contacts, self- 
aligned in respect to the opposite spacers of two 
W adjacent polysilicon gate lines. An insulating dielec- 
^ trie layer is deposited and etched until exposing the 
^peaks of the preformed contacts. Over such an ad- 
©^vantageously planarized surface contacts on the 
^polysilicon gate lines may be defined by a cus- 
li^tomary masking process and finally the second level 
& metal is deposited. Notwithstanding the fact that the 
^process normally requires an additional mask in re- 
©spect to prior art processes, prior art. such a mask is 
^essentially noncritical and the contacts on the silicon 
{Hi substrate are made in an essentially self-aligned 
manner with remarkable advantages in terms of in- 
creased contact area and improved planarization de- 
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MASKLESS FORMATION OF SELF-ALIGNED CONTACTS 



BACKGROUND OF THE INVENTION 



1 . Field of the invention 

The present invention relates to a process for 
forming self-aligned metal-semiconductor ohmic 
contacts in integrated circuits and particularly on 
integrated MISFET structures. 

2. Description of the prior art 

The problem of electrically connecting the 
drain (and source) of MISFET structures (or more 
commonly of MOS transistors) to the respective 
metal tracks in integrated circuits becomes increas- 
ingly critical with the reduction of the sizes of these 
integrated structures. In fig. 1 a conventional form 
of a contact between a metal layer 1 and the 
silicon 3 in an area comprised between two parallel 
gate lines, 4 and 5 respectively, commonly made 
of poly crystalline silicon and provided with lateral 
tapered spacers 6 of a dielectric material, com- 
monly of silicon oxide, is depicted. The contact is 
formed through a "hole" which is purposely 
opened across the thickness of the dielectric layer 
2 by means of a masking and etching process. 

With decreasing dimensions, the lithographic 
difficulties relative to the definition of such micro- 
metric windows through the masking resist and to 
the correct alignment of the mask and the process- 
ing difficulties relative to ensuring a good step 
coverage of the deposited metal within minuscule 
holes through the thickness of the dielectric layer 2 
increase. — 

Lately several new techniques have been pro- 
posed for overcoming these technological prob- 
lems and for making contacts of sub-micrometric 
size, necessary for fabricating VLSI and ULSI in- 
tegrated devices, namely: improved techniques for 
tapering the holes for more easily achieving a good 
step coverage by the metal, improved lithographic 
techniques for enhancing the definition of areas 
with both dimensions smaller than one micrometer, 
often associated with special techniques for pre- 
filling the holes by means of metal plugs. 

Generally a definite drawback of the known 
techniques is represented by the fact that the 
masking of the contacts remains a highly critical 
step requiring adequate levels of precision. 

OBJECTIVE AND SUMMARY OF THE INVENTION 



A main objective of the present invention is to 
provide a new process for making substantially 

5 self-aligned metal -semiconductor contacts of MIS- 
FET type structures. 

Basically the present invention provides a pro- 
cess for making metal-semiconductor contacts 
without requiring the use of a contact mask while 

io obviating also the technological problems of depos- 
iting a metal inside sub-micrometric holes. The 
invention represents an effective solution of lithog- 
raphic definition problems as well as of step cov- 
erage problems in forming sub-micrometric con- 

/5 tacts. 

Another peculiar feature of the process object 
of the present invention is represented by the fact 
that the contacts are made in a perfectly self- 
aligned manner in respect to adjacent gate struc- 
20 tures already formed on the surface of the wafer 
when proceeding to form the contacts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The different aspects and advantages of the 
invention will be illustrated more fully through the 
following description of an embodiment thereof and 
30 by means of the annexed drawings, wherein: 

FIGURE 1 depicts a contact made in accor- 
dance with "a known technique. " as already de- 
scribed; 

FIGURE 2 is a plan view of the contact of the 
35 prior art of Fig. 1 photolithographically defined on 
the silicon area comprised between two adjacent 
gate lines; 

FIGURE 3 is a schematic plan view of a self- 
aligned contact made in accordance with the 
40 present invention; 

FIGURES 4 to 9 depict the process of the 
invention for making self-aligned contacts. 

45 DESCRIPTION OF A PREFERRED EMBODIMENT 
OF THE INVENTION 



A comparison between the schematic plan 
so views of a contact made according to the prior art 
(Fig. 2) and made in accordance with the present 
invention (Fig. 3) makes readily appreciable one of 
the peculiar aspects of the invention. In the figures 
the common structural elements are indicated by 
the same numbers already used in the illustration 
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of Fig. i. The two adjacent gate lines are indicated 
with 4 and 5. respectively, and by means of a dash 
line is also indicated the edge cf the respective 
spacers 6 of dielectric material formed along the 
sides of the gate lines 4 and 5 of conducting s 
material, commonly of polycrystaiiine silicon heav- 
ily doped for increasing its electrical conductivity. 
The area of the contact formed through the insulat- 
ing dielectric layer {indicated with 2 in Fig. 1) for 
establishing an electrical continuity with a second w 
metal level, a defined track of which is indicated 
with 1 in the plan views of Figures 2 and 3. is 
evidenced by means of parallel, close-spaced, 
hatching. As it may be observed, in the case of the 
contact made in accordance with the prior art. the js 
definition of the contact must be accurately aligned 
by photolithographic means on the area comprised 
between the two opposite edges of the spacers 6 
of the two adjacent gate lines 4 and 5. By contrast, 
in the case of a contact made in accordance with 20 
the present invention, the formation of the contact 
takes place in a self-alignment condition in respect 
to the two adjacent gate lines 4 and 5, as it will be 
evidenced in the following description of the pro- 
cess of the invention. 25 

The basic steps of the process of the invention 
are depicted in the Figures 4 to 9 and comprise the 
following: 

a) conformably depositing (i.e. under deposi- 
tion conditions favoring substantially the formation 30 
of a deposit of uniform thickness above an under- 
lying existing morphology, which in the specific 
instance is characterized by the presence on the 
front of the wafer being fabricated of parallel gate 
lines in the form of parallel tracks and 5 cf a first 35 
conducting material insulated from the silicon 3 by 

a layer of gate oxide and provided with tapered 
silicon oxide spacers 6) a matrix metal layer 7 
essentially of a different metallic material from the 
one used for making the gate lines 4 and 5. For 40 
instance aluminum may be used for making this 
matrix metal layer 7 when the gate lines 4 and 5 
are customarily made of polycrystaiiine silicon. The 
thickness of the matrix metal layer 7 conformably 
deposited for instance by sputtering, must be suffi- <*5 
cient for the bottom of the valleys which are 
formed between two adjacent gate lines to be at a 
level higher than the peak level of the gate lines 4 
and 5. as depicted in Fig. 4. The thickness of this 
matrix metal layer 7 may in practice be of about so 
10.000 Angstroms. 

b) Depositing a layer 8 of a planarization 
material, e.g. spun-on-glass or SOG, having a 
thickness of about 2.000 Angstroms "on peaks" 

and of about 6.500 Angstroms "in valleys". Char- ss 
acteristics and procedures for applying such a 
planarization material (SOG) are well known to the 
skilled technician and any further description ap- 



pears superfluous. A suitable commercially avail- 
able material of this kind is produced by Allied 
Chemicals under the trade denomination AC410. A 
cross-section of the wafer at this point of fabrica- 
tion is depicted in Fig. 4. 

c) Plasma etching the SOG layer 8 for re- 
moving it from the peaks as well as from the areas 
of the wafer where the formation of contacts with 
the monocrystalline silicon substrate 3 isn't con- 
templated by employing for this reason a standard 
type mask which obviously has not any critical 
aspect. This etching is conducted so as to pre- 
serve a residual layer of planarization material 8 on 
the bottom of the valleys between adjacent gate 
lines in the areas of the wafer where contacts must 
be formed, as depicted in Fig. 5. In other words, by 
means of a noncriticai masking step, the "length" 
of the contacts is defined, i.e. the two edges in- 
dicated by the letter A and B in the plan view of 
Fig. 3, while in the orthogonal direction (the 
"width") the contact is self-aligned between th 
gate lines. The residual layer 8 on the bottom of 
the valleys (Rg. 5) may have in practice a r sidual 
thickness of about 4.500 Angstroms. 

d) Selectively etching the metallic material of 
the matrix layer 7 by means of a R1E (Reative Ion 
Etching) or plasma etching proccess under con- 
ditions such as to produce a selective etching of 
the metallic material 7 in respect to both said 
residual SOG material 8 and the dielectric material 
(S1O2) constituting the spacers 6. as well as in 
respect to the metallic material (polycrystaiiine sili- 
con) of the gate lines 4 and 5 in case the latter are 
not provided with a protecting insulating coating. 
When using aluminum as the metallic material for 
the matrix layer 7, a plasma containing chlorinated 
compounds is preferably used. In other words the 
etching of the matrix metallic layer 7 is performed 
by using as a mask the residues of the planariza- 
tion SOG 8 defined along the bottom of valleys of 
the previously deposited matrix metallic layer 7, 
over the contact areas with the underlying silicon 
substrate 3. This etching is conducted for a time 
sufficient to lower the etching edge of the matrix 
layer 7 down to an intermediate level down th 
flank of the spacers 6. as depicted in Rg. 6. 

e) Depositing an insulating layer of dielectric 
material 9. e.g. silicon oxide deposited by low 
pressure chemical vapor deposition, in order to 
completely insulate the metallic material 7 defined 
in a substantially seif-alignrrient manner b tw n 
adjacent gate lines, without substantially employing 
a real contact mask. Of course the insulating layer 
9 may also be a multilayer made by depositing in 
succession layers of different dielectric materials 
by means of respectively different deposition pro- 
cedures. A cross-section of the wafer at this point 
of fabrication is depicted in Rg. 7. 
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f) Etching the dielectric material of the in- 
sulating layer 9 and the masking residues of SOG 
8 by plasma etching until exposing the peaks of 
the defined contacts metal structures 7. A cross- 
section of the wafer at this point of fabrication is 
depicted in Fig. 8. 

g) Depositing a new layer of metallic ma- 
terial 10 in electrical continuity with the "risers" 7 
of the contacts, followed by masking for defining 
the conducting tracks of this second level metal 10 
(e.g. the tracks 1 of Fig. 3). A cross-section of the 
contact made in accordance with the process of 
the invention is substantially the one depicted in 
Fig. 9. 

Contacts with the gate polycrystalline silicon 
lines may be formed by customary masking meth- 
ods, being the definition of these contacts on poly- 
crystalline silicon much less critical in respect to 
the degree of definition required for contacts on the 
silicon substrate. The process of the invention will 
normally require the- use of an additional mask in 
respect to the total number of masks normally used 
in accordance with fabrication processes of the 
prior art. however such an additional mask (used 
during the step d) of the above described process), 
is noncritical, as already explained. 

As it is easily observed by comparing Figures 
2 and 3. the process of the invention produces 
contacts with an extended area, because of the 
self-alignment of the contacts with the adjacent 
gate structures, with attendant advantages in terms 
of reduction of contact resistance and. by eliminat- 
ing alignment tnaccurracies to be accounted for 
with the processes of the prior art. it is possible to 
reduce the cell size . at least in a direction or- 
thogonal to the gate lines. 

Moreover, intrinsic to the novel process of the 
invention is the possibility of greatly improving the 
degree of planarization of the device by choosing 
appropriate techniques and methods for depositing 
and etching the insulating dielectric layer 9 during 
the steps e) and f) of the process for forming the 
self-aligned contacts. This advantageous aspect 
will favorably influence the definition of contacts on 
the gate polycrystalline silicon and the formation of 
the conductive lines of the second level metal 10. 
as it will be evident to any skilled technician. 



Claims 

1. A process for forming self-aligned metal- 
semiconductor contacts in MISFET type integrated 
structures which determine, during fabrication, a 
superficial morphology characterized by the pres- 
ence of substantially parallel gate lines of a first 
conducting metallic material provided on the sides 
thereof with tapered lateral spacers of a dielectric 



material over* the surface of a wafer of a mon- 
ocrystalline semiconductor material, comprising; 

a) conformably depositing over said surface 
of the wafer a matrix layer of a second metallic 

s material with a thickness sufficient for the bottom of 
valleys of said conformably deposited metal layer 
between two adjacent gate lines to be at a level 
higher than the level of peaks of said gate lines; 

b) depositing a layer of a planarization ma- 
yo terial over said conformably, deposited matrix me- 
tallic layer; 

c) masking and etching said planarization 
material until exposing the peaks of said conform- 
ably deposited matrix metallic layer and leaving a 

15 residual layer of planarization material on the bot- 
tom of said valleys for a length defined by the 
mask; 

d) selectively etching said second metallic 
material using said' residual layer of planarization 

20 material on the bottom of said valleys as a mask 
until lowering the etch edge of said second metallic 
material layer conformably deposited to an inter- 
mediate level down the flank of said tapered lateral 
spacers of dielectric material on the sides of said 

25 gate lines of said first metallic material; 

e) depositing a layer of dielectric material for 
insulating the residue of said second metallic ma- 
terial under each masking residue of said planariza- 
tion material; 

aa f) etching said insulating layer of dielectric 

material and said masking residue of planarization 
material until exposing the peaks of said residues 
of said second metallic mate e rial; and 

g) depositing a third layer of metallic ma- 

35 terial in electrical continuity with said residue of 
said second metallic material through the exposed 
peaks thereof. 
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© A process for forming self-aligned metal-semi- 
conductor contacts in a device comprising MISFET 
type structures essentially comprises conformably 
depositing a matrix metallic layer on the front of the 
wafer and the subsequent deposition of a planariza- 
tion SOG layer. After having used a noncritical mask 
for defining the "length** of the selfaligned contacts 
to be formed, the SOG layer is etched until leaving a 
residue layer on the bottom of the~valleys of the 
conformably deposited matrix metallic layer in areas 
between two adjacent gate lines of polysilicon. A 
selective etching of the matrix layer using said SOG 
residues as a mask, defines the contacts, self- 
aligned in respect to the opposite spacers of two 
adjacent polysilicon gate lines. An insulating dielec- 
tric layer is deposited and etched until exposing the 
peaks of the preformed contacts. Over such an ad- 
vantageously planarized surface contacts on the 
polysilicon gate lines may be defined by a cus- 
tomary masking process and finally the second level 
metal is deposited. Notwithstanding the fact that the 
i process normally requires an additional mask in re- 
spect to prior art processes, prior art, such a mask is 
essentially noncritical and the contacts on the silicon 
substrate are made in an essentially self-aligned 
manner with remarkable advantages in terms of in- 
creased contact area and improved planarization de- 



gree of the device, while overcoming lithographic 
and step coverage technological limitations. 
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